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Abstract 

The minimal supersymmetric model with light sbottom (~ m&) and light 

gluino (12 ~ 16 GeV) can explain the excess of bottom quark production 

cross section at hadron colliders and has drawn much attention. We calculate 

one-loop contribution to Z-pole observable Rb in this scenario when large CP 

violating phases are allowed in the gluino mass and/or sbottom sector. We 

show that these large CP violating phases can suppress the new contribution 

5Rb safely within the experimental bounds even for heavier sbottom too heavy 

(p2 ^ 200 GeV) to be produced at LEP2 in association with light sbottom b\. 
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I. INTRODUCTION 



The minimal supersymmetric standard model (MSSM) is the most promising candidate 
for the physics beyond the standard model (SM). In its unconstrained version, it has many 
free parameters, ~ (9(100), even in the R-parity conserving scenario. These free parameters 
will be ultimately determined from both theoretical constraints and experimental searches. 

The negative searches of sparticles at the colliders put strong lower bounds on their 
masses M. However, the bounds are usually derived from some model-dependent assump- 
tions and they are not applicable if these assumptions are relaxed. Actually, there has been 
much interest in the possibility that light sbottom (~ nib) and light gluino (~ 12 to 16 GeV) 
may have escaped the direct searches [@,[|. 

The MSSM scenario with light sbottom and light gluino can explain the discrepancy 
between the SM prediction and the data from hadron colliders in the bottom-quark produc- 
tion. To fit the data it is necessary to have light gluino (~ 12 to 16 GeV) which decays with 
100% branching fraction into bottom quark b and a light bottom squark (m^ ~ 2 to 5.5 
GeV) [|. 

If the light sbottom, b\, couples strongly with Z boson, it can give large contribution to 
Z peak observables. However, the mixing angle in the sbottom sector can be chosen in such 
a way that Zb\b x couplings are small [Q. However, this tuning is not enough to suppress 
all the Z-pole observables. Recently, J. Cao and Z. Xiong and J. M. Yang [g] showed that 
there can be large contribution to Zbb vertex through gluino-sbottom exchanged one-loop 
diagrams in the CP conserving MSSM. 

In general there can be large number of CP violating phases in the MSSM Lagrangian, 
and a natural expectation on the size of the phases is 0(1). However, most of them should 
be suppressed < 10~ 2 to satisfy the bound on the electric dipole moments (EDM) of neutron 
and electron. On the contrary, it is known that 0(1) CPV phases other than CKM phase 
in the SM are necessary to explain the asymmetry between the matter and antimatter in 
the universe 0. This is the SUSY CP problem. There are some suggestions to solve this 
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problem, for example, decoupling solution 0. Here we implicitly take one of the solutions 
of SUSY CP problem to allow 0(1) phase while satisfying the EDM bounds. 

Specifically we consider the effects of phase ^3 on the gluino mass parameter M3 and 
a phase (pf, in the down squark mass-squared matrix. We show that the effect of the CP 
violating (CPV) phases, ip 3 , <fb, on the Zbb in the light sbottom/gluino scenario is nontrivial 
and can actually alleviate the strong Z-peak constraints. 

This paper is organized as follows. In Section II we present our result on the one-loop 
calculation of SUSY QCD correction to Zbb vertex. The numerical analysis is done in Section 
III. In Section IV we conclude. 



II. THE EFFECT OF (f> 3 AND <f> B ON R B 

The gluino mass parameter in the soft SUSY breaking Lagrangian is a complex param- 
eter, M 3 = |M 3 |e lI/P3 = m^e 4 ^ 3 . The sbottom mass-squared matrix ml also has a CPV phase 
(fb = arg(A^ — /itan/3), where Ab is a trilinear coupling in the soft supersymmetry breaking 
terms and /i is the Higgs mixing term in the superpotential. The sbottom mass-squared 
matrix m 2 is diagonalized by a unitary matrix T b as 

r 6 m^rj = diag(m| i ,m| 2 ), m| < m| (1) 

where Tb can be parametrized as 



r, 



c b e^s b 



\ 



e~ lLPb Sb c h 



Cb = cos 9b, Sb = sin 9b- (2) 



/ 



We also introduce the following notation for later use, 

T b L = (c b , e-^Sbf , = (e^s b , c b f . (3) 

We note that Zb\b\ oc — l/2c^ + 1/3 sin 2 9w coupling is independent of CPV phases and 
vanishes by choosing |c&| = ^/2/3 sin 9w ~ 0.39. We will assume |c&| ~ 0.3 - 0.45 to suppress 
the tree-level contribution to Rb @]. In this case, however, Zbib 2 oc e %lpb CbSb can be sizable. 



Since LEP2 did not see an event like e + e~ — ► bib 2 it gives a constraint on the heavy sbottom 
mass to be m b2 > 200 GeV. 

In Fig. [T], we show the Feynman diagrams with sbottom-gluino loop which contribute 
to the correction on Zbb vertex. The diagrams diverge and we used dimensional regulariza- 
tion and on-shell renormalization scheme to calculate them. After including the one-loop 
contributions, the effective Z&fe-vertex can be written as [H 



Vf(Zbb) = -ig z [i,{g b L PL + 9rPr) 

+ (F^Pl + F% ltx P R + FIio^WPl + Flia, u k»P R ) ] , (4) 

where gz = g/ cos^vy, g\ = — 1/2 + sin 2 9w/3, g b R = sin 2 /3 and k is Z-boson momentum. 
The form factors are expressed in terms of one-loop two-point and three-point functions 

,aBi(A)\ o frl , dB (A)- 



F V L = 2g b L [(Gll)aa (b^A) + 2m 2 b ^^J + 2m- 9 m b [G RL ) AA 
+2 V (~K% + i sin 2 9 W 5 AB ) \2(G LL ) AB C 00 (A, B) 

A,B=1,2 V 1 6 J I 

+m~ g m b (G RL + G LR ) AB (c (A, B) + d(A, B) + C 2 (A, B) 



dpi Jpj=mg 



+m 2 b (G LL + G RR ) AB (Ci(A, B) + C 2 (A, B) + C n (A, B) + C 22 (A, B) + 2C 12 (A, B)) } 
F T L =-2 (~K b A b B + ^sm 2 9 w 5 AB \ lm g (G RL ) AB (c (A,B) + C 1 (A,B) + C 2 (A,B) 



.4,5 = 1,2 



+m b (G LL ) AB (C^A, B) + C n (A, B) + C 12 (A, 
+m b (G RR ) AB (C 2 (A, B) + C 22 (A, B) + C 12 {A, B)) j , (5) 

where K% = (T b L ) A1 (T b L ) B1 , (G LL ) AB = (T b L ) A1 (T b L ) B1 , (G RR ) AB = (V R ) A1 (V b R ) m , 
(G LR ) AB = e^(T b L ) A1 (T b R ) m and (G RL ) AB = e-^(T b R ) A1 (T b L ) m . The chirality flipped form 
factors F R and F R are obtained by interchanging L with R in ([5]). For the loop functions 
we followed the convention in the Ref. [|J, 

B {A, B) = B (m 2 , mj, mfj, 

C (A,B) = C (m 2 b ,m 2 z ,m 2 b ,m 2 ,ml A ,ml B ), (6) 
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etc. 

The Z-pole observable R b = T(Z — ► bb)/T(Z — > hadrons) is precisely measured and 
agrees well with the SM prediction and therefore gives a stringent constraint on some new 
physics models. In the model at hand R b is given by 

5R b = R b — i?b M 

2a, 1 



Rf u (l-Rl M ) 



3?r (3 + (3 2 ) ({g b L ) 2 + (g b R ) 2 ) + 6(1 - {P)g\g\ 
(3 + p 2 )(g b L ReF^ + g b R ReFX) + 3(1 - P 2 )(g b L ReF^ + g b R ReF^) 

+6m b (g b L + g b R )(ReF[ + ReFT) 



(7) 



where j3 = a/1 — 4m^/m|. In it was shown that is actually a severe constraint 
on the CP conserving MSSM with very light gluino and sbottom. They showed that the 
contributions of light sbottom and heavy sbottom to R b tend to cancel each other if the 
heavier sbottom is light enough (< 200GeV). Since this light 62 is unlikely by LEP2 searches 
as mentioned above, they argued that this SUSY scenario is disfavored. We will show that 
62 can be heavy enough to escape the LEP2 search while satisfying the R b constraint in the 
CPV MSSM scenario, which is the topic of next section. 



III. NUMERICAL ANALYSIS 

In this section we will show that the severe constraint on the light sbottom/gluino in the 
CP conserving SUSY model can be alleviated if MSSM has additional CP violating phases 
other than the CKM phase in the SM. For this analysis we take the following values for the 
input parameters 0, 

a s = 0.1192, m b = 4.8 GeV, m z = 91.188 GeV, sin 2 6 W = 0.2312. (8) 

We also take rrtg = 14 GeV and m~ hi = 5 GeV. We have checked that the variation of rrig(m- bi ) 
in the range 12-16 GeV (2-5.5 GeV) does not significantly change our results. We vary the 
phases y9 3 and <p b from to 2n. 
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In Fig. |2| Ri, is shown as a funtion of 4>b and 03 for c& = 0.39 and m^ 2 = 200 GeV. We 
can see that SRh is maximized in the CP conserving case and reduced significantly when the 
CPV phases 03 and 0& are turned on. 5Rb is minimized when 0& + 03 « 7r. 

In Fig. |3| we show as a function of m~ h2 for c& = 0.3, 0.39, 0.45 (from above). We got 
similar results with || in the CP conserving limit (thin lines). In the CPV case we took 
^3 = V 9 ^ = 7r /2 (thick lines) which is a maximal CP violating case. We can see that the 
heavier sbottom mass can be pushed beyond the LEP2 search if c& < 0.39 while keeping Rb 
within the experimental value at the 3-cr level. Note that the SM precition Rf M = 0.21596 
differs from the experimental value i?Jj xp = 0.21646 ± 0.00065 |J by 0.8a which can further 
reduce the deviation of the SUSY QCD contribution to Rb from the measurement. 

The change in Zbb also affects other Z-pole observables. We consider the effects on 
R c , Ri, A b , A h FB . These are related to SRb or form-factors (see (f|)) as follows 

R SM 

5R C = R c - R c = - - _ c RSM SRb, 

R SM 

SRi = Ri - R l = - - RSM SRb, 



A h 



b 

\9 b R + ^FK\ 2 + \9l + ^Fl 



|2 - 



3 

A FB = -^A h A e . (9) 

In Fig. § we show SR C , 5Ri, 5A b , SA b FB as a function of 3 fixing b = 0. The current 
experimental values are given by f|], 

R c = 0.1719 ± 0.0031, R e = 20.804 ± 0.050, 

A b = 0.922 ± 0.020, A b FB = 0.0990 ± 0.0017. (10) 

The deviations from the SM are much smaller than the experimental errors, and the above 
Z-pole observables are consistent with the SM precitions. 
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IV. CONCLUSIONS 



The MSSM scenario with light sbottom (m^ ~ m&) and light gluino (jrig ~ 12 — 16 
GeV) is quite interesting and can solve the longstanding problem in the 6-quark production 
at Tevatron. However it receives strong constraint from Z-pole precision tests in the CP 
conserving scenario. 

We considered the effects of CP violating phases ^3 and tpi, in the gluino mass param- 
eter and sbottom mass-squared matrix on Z-pole observables. We showed that the strong 
constraint on Rf, is significantly relaxed in this CP violating MSSM. 



Note Added: After finishing this paper, we received a paper [K| considering the constraint 
by gauge boson propagator on the MSSM scenario with light sbottom and gluino, but in the 
CP conserving case. Hence it is orthogonal to our work. 
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FIGURES 




FIG. 2. 5Rb as a function of (ft, and 993 
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FIG. 3. Thick (thin) lines represent SRb as a function of mg 2 for q, = 0.3, 0.39, 0.45 (from 
above) in the CP violating (conserving) MSSM. The dashed horizontal lines represent 2a and 3a 
(from above) deviations from the experimental central value. 



(a) (b) 




FIG. 4. (a) SRc, (6) 6R h (c) 6A b and (d) <5A^ B as a function of 993 . See the text for the choice 
of other fixed parameters 
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